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Learning from the past

® M3 proposal for 4 S/C ESA/NASA
collaborative mission in 1993

® |ISA foreseen as ESA

Cornerstone in 1995

® 3S/C NASA/ESA LISA
appears in 1997

LISA - an ESA cornerstone mission for a gravitational wave observatory -

K Danzmann for the LISA Study Team Class. Quantum Grav. 14 1399 (1997)

(selected in Horizons 2000+ in 1997)

* Enter mission definition when funding becomes available

1997 »



Learning from the past

Decadal 2000 (AANM):

The committee’s second-priority: space-based project is'the Laser
Interferometer Space Antenna (LISA), which will be able to detect .
gravity waves from merging supermassive black Holes throughout the
visible universe and from close binary stars throughout our galaxy.

e - :
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- . : _‘__
' LISA INTERNATIONAL SCIENCE TEAM (LIST) _~ ' LISAPROJECT OFFICES:
« | k '
| ® 10 to 15 members ffom each side of the Atlantic ' e ESA/ESTEC

® Chairs: Tom Prince, Karsten Danzmann - ® Project Scientist: Oliver Jennrich

¢ Bi-annual meetings e NASA/GSFC

¢ First in June 2001/ Last in December 2010

¥
® Robin “Tuck’ Stebbins

-

*(1st priority: Fermi (GLAST), launched 06/08)




"
Science Objective 1. Find out what powered the Big Bang.
Research Focus Area 1. Search for gravitational waves from inflation
and phase transitions in the Big Bang.
YOND EINSTEIN Research Focus Area 3. Perform a census of black holes throughout
BEYO S : the Universe.
from the big bang to black holes Research Focus Area 4. Determine how black holes are formed and
i how they evolve,

Research Focus Area 5. Test Einstein’s theory of gravity and map
spacetime near the event horizons of black
holes and throughout the Universe.

BEYOND EINSTEIN PROGRAM
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LASER INTERFEROMETER SPACE ANTENNA

Tall P LAN

February 3, 2003

Full Cost NASA Funding (excluding ST-7)

JO00 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 20916 2017 2018

Pre-Formulation ($14M)

! $631M)
Cruise and Operations ($219M)

Learning from the past

Laser Interferometeér Space Antenna

ieinFrom thig Big Bang 1o Black Holes



Learning from the past

LISA is a joint ESA-NASA project to measure low-
frequency gravitational radiation from sources such as
Connectmg coalescing black holes and to aindertake new tests of
Ua S Einstein’s theory. LISA will also be able to make an initial’
‘search for gravitational waves from the early universe,

with the C asmos ! paving the way for future, more sensitive detectors that

Eleven Science CJucstion 5 Tor Jlf "'-: w CBhiur {:ﬂ”[d Pﬂssibl}!detect thE gra'\i"itaﬁ[]ﬂa[ WhiEPEI"E fﬂ]m a
: Il B inflation and gthér early universe sources. :
; B . et = - * |

g 3 - NSF, with its experience in
I developing the ground-based LIGO
a5 detectors, and DOE, with its
R . Expgrience in optics and lasers,
s . could play important roles in
R developing fdture gravitational-wave
' detectors in space. DETOUR




Learning from the past

2003 - 2008




Learning from the past

2008 - 201 0
Decadal Time

Decadal 2000 (AANM):

The committee’s second-priority space-based project is the Laser
Interferometer Space Antenna (LISA), which will be able to detect

~ gravity waves from merging supermassive black holes throughout the
visible uhiverse and from close binary stqrs throughout our galaxy.

L

Decadal 2010: e

NWNH considered LISA and IXO to be compelling, highly capable,
and more ambitious flagship missions than WFIRST but ranked them
lower because of their required new technology development, higher
cost, and technical risk, ... . (Recommendation for Implementation of

NWNH) ‘0 "

g
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Learning from the past

2008 - 2010
Decadal Time

Decadal 2010: e
NWNH considered LISA ﬁ;lnd IXO to be compelling; highly capable,
and more ambmﬂus ﬁags ip missions than WFIRST but ranked them

lower baaciis ac L s o 2o
cost, an Lesson learned? N
NWNH)

Technology development and

readiness is apparently reall
Remember 2003: PP y y

The three elements o |mP0 rtant! erferomeét@r Space Anten

The vision missions will make direct measufement of signals from the
true boundaries of our Universe.
Constellation-X and LISA can be realized within themext decade and

address pressing near%‘ seience questions.

-




Learning from the past
2011

After 15 years of joint LISA
development in March 2011...

Wy mature.cam  » Publicatisns A-2 index Ty woe ﬂ * Advanced search

ey ,I‘Ef "._Lu .'( =S p———

Published online 22 March 2011 | Nature 471, 421 (2011) |
doi:10.1038/471421a

Europe makes do without NASA

US budget crisis forces European Space Agency to abandon
plans for joint mission.

CLEUTEE Sl ITTLAER At

Stories by kevwords ) ) ,
The European Space Agency (ESA) is pushing ahead without MASE

+ ELMDDEan Shan AN c support for its next big sclence mission, as the onpoing US budget
o L-Clags rissicns crunch and competing priorities im rious constraints on the
+ LISA US space agency (see Aafure 471, 3 7011). ESA last weelc told
+ 1¥0) leaders of three large, or ‘L=clags’, missions thatl are competing for
e il funding to revise their proposals by leaving out the substantial US

« ESI-Laplace
coniribution that had previously been assemed.

*The decision was made very reluctantly,
director of science and robolic exploration al ESA. "NASA could not
l: Blogs linking to meet sur timetable B launch.”

this article

says David Southwood,

This article elsewhere

10



, Learning from the past
‘ 2011-2013

Mational Aeronautics and Space Adminisiration N(-
. A3
- v

Gravitational-Wave Mission Concept
Study Final Report
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Science Performance SGEO-High | SGO0-Mid ' LAGRAMGE' | OMEGA OMEGA
| McHKenzie Option 1 Oplion 2

| 15% 107 | 1.5 107 |

3 D (2 05
Top Team X Risk Moderata®
Top Team X + Core Team Moderata® -~
Fliak
Tearn ¥ Cost Estimate 2
(FY12%)

T Bazed on median rate; estimates for EMRI rates wany by as much &s an crder of reEgrnikede in

NGEMcKenzie lack the *GW null® channel that can be used
¢ backgrounds and insrumental noise, makng such messuremeants ’ X
rmore chalkenging
L The moderata rsaE0 HI!EII'I comes gisout from the thn 3 -

darmanatrate the reauired lifetime for 5 years of ecience operationa. : #
ﬁ .
-

Table 30. Summary of science retumn, risk, and cost for the mission concepts consideared by Team X,
S0 High scence performance is the same as LISA. This table |s repreated & Tabla 20 in Seciion

8 with edditicnal explanation.




Learning from the past

SSAC Recommendation

EUROPEAN SPACE AGENCY -i_iES . l
SPACE SCIENCE ADVISORY COMMITEE (SSAC) |

Recommendation on the selection of the L1 mission

At its 138th meeting held C met to recommend

the mission to be selecteci ic Vision
Programme. The SSAC co #2 agai N A, JUICE, and NGO.

The SSAC carefully consid mmatic aspects
concerning the three misg entific value and the
overall impact on the Scig

After an extensive discussion the SSAC came to a consensus and recommends
the JUICE mission to be selected as the L1 mission leading to a launch in 2022.

The SSAC unanimously recognized the high science value of NGO and therefore
recommends continuing the necessary technology activities to enable a
gravitational wave observatory to be a strong candidate for the next launch slot.

The SSAC also recognized the science value of ATHENA and therefore
recommends continuing the technology activities for enabling an X-ray

observatory to be a strong candidate for the next launch slot




Learning from the past

New ESA Call for Large Missions

SCIENCE PORTAL SCIENCE & TECHNOLOGY RESEARCH

Cosmic Vision 2015-2025 Science Programme
European Space Agency

S

Cosmic Vision

2015-2025 .

:2:':':&25"’“ 17-Mar-2013 14:21:42 UT
Missions Call for White Papers for the definition of Print this

*M-class Timeline ~ the L2 and L3 missions in the ESA Science opocuMentaTION

*leclassTmelne  programme _ Call for White Papers for L2 and
The Four Themes L3
» Planets and Life =~ 05 Mar 2013 -

* The Solar System The Director of Science and Robotic Exploration intends to define,
* Fundamental Laws in the course of 2013, the science themes and questions that will ?

» The Universe be addressed by the next two Large (L-class) missions in the !

— Cosmic Vision 2015-2025 plan, "L2" and "L3", currently planned O . '
News for a launch in 2028 and 2034, respectively. This process starts u r tl m e n Ow.

ic Visi with a consultation of the broad scientific community, in the form

Cosmic Vision of the current Call, soliciting White Papers to propose science
Brochure themes and associated questions that the L2 and L3 missions N O d Ou bt Ciin
CHEOPS should address. The submission deadline for White Papers is 24
2ChO May 2013, 12:00 CEST (noon). i




: THE GRAVITATIONAL UNIVERSE

A science theme addressed by the eLISA mission observing the entire Universe

http://elisascience.org/whitepaper

. Among the, roughly, 1000 scientific supporters of the Gravitational Universe science theme, are

GERARDUS ‘T Hoo¥rt Utrecht University (Netherlands), BArry BarisH Caltech (United States), CLAUDE COHEN-TAN-
Noupji College de France (France), NEIL GEHRELS NASA Goddard Space Flight Center (United States), GABRIELA GON-
zALEZ LIGO Scientific Collaboration Spokesperson, LSU (United States), DoucLAs GouGH Institute of Astronomy, Univer-
sity of Cambridge (United Kingdom), STEPHEN HawKING University of Cambridge, DAMTP (United Kingdom), STEVEN
& KaHN Stanford University/SLAC National Accelerator Laboratory (United States), MARK KasevicH Stanford Univer-
sity, Physics Dept. (United States), MICHAEL KRAMER Max-Planck-Institut fuer Radioastronomie (Germany), ABRAHAM
Loer Harvard University (United States), PIERO MaDAU University of California, Santa Cruz (United States), LuciaNo
Ma1ant Universita di Roma La Sapienza (Italy), Joun MATHER NASA Goddard Space Flight Center (United States), Da-
vip MERRITT Rochester Institute of Technology (United States), VIATCHESLAV MUukHANOV LMU Miinchen (Germany),
GrorG1o Parist Universita di Roma la Sapienza (Italy), STUART SHAPIRO University of Illinois at Urbana-Champaign
(United States), GEORGE SM0OT Universite Paris Diderot (France), SAUL TEUKOLSKY Cornell University (United States),
Kip THORNE California Institute of Technology (United States), GABRIELE VENEZIANO Collége de (France) (France),
JEAN-YVES VINET Virgo Collaboration Spokesperson, OCA Nice (France), RAINER WEIss MIT (United States), CLIFFORD
WiLL University of Florida (United States), EDWARD WITTEN Institute for Advanced Study, Princeton (United States), AR-
NOLD WOLFENDALE Durham University (United Kingdom), and SHING-TunG Yau Harvard University (United States).

2013 + A - *

15



Learning from the past

e Launch of L2 in 2028 - Athena
e Launch of L3 in 2034 - LISA

r' 4 4

207 20% 201 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

¥2 again
- |(or is this #3 or ;




‘What have we learned?
& Beihg #2 is not good enough! » 1‘

/ ¢
e o, el ...are very good to pick
' S your favorite titation.

!

s _Aw -r".."l-tﬂﬁ'lﬂmll:}ilr'h‘l .-*"'-.."th"UFhHHh‘-ﬁ .
' in the New Millenmium ;

17



thf have we learned?

LISA Pathﬁnder

are very good to pick
four" favorite titation.

Te% .
Pk

* Lapigch date has now been stable at Jul*f 2015'

putt. H__. _ Daring Visions
: SA Astrophy h.i.l hee M Theee [hes

At the end of the day ...
* | PF hasn’t flown yet!

And that is our problem.

2014



2014

Whaf have we learned?

Technical readiness is:
e the key for selection
e subject to interpretation
e for LISA: :

‘o the Pathfinder will be a major step forward =
e N *

Will the Pathfinder be enough?

e Not to start the’'mission!
e We need: Lasers, telesgopes, phase meter, optical ben‘ch, lock
acquisitions, point ahead and breezing angles, ...
e Most o

>

»

is>TRL4 and (;Isn according to TeamX): Low risk .

18



w.hy am I hopeful?

LISA Pathﬁnder

LISA Pathfinder

e is the technology demonstrator
for our field! o

e will launch in 2015!

+ fhe mdependeni' risk
assessment of TEAM X: Low Rlsk

-

+ Great Science

2014 »”

19



The Advanced GW Detector Network

Advanced LIGO GEO 600

Hanford
2015

Advanced LIGO &
Liviingston .
2015,

Advanced .
Virgo
2015

LIGG India

t}znzn?




advancedligo

LIGO Advanced LIGO

« |[nstallation 99% complete
« All systems have seen light at least once
« NO major issues or show stoppers in sight

Advanced LIGO: Detection betw. 201 6-2018 I

10°

— & months 5
|—3 ZE:.@ ‘ 3™ run: >6 months @ > 150 Mpc \ 20 1 7/8
— 2 months
1'5- /
- 108 20 1 6 2" run: >3 months @ 100 Mpc,
2 “likely” detection
:
= |
Z 10 1* run: 2 months @ 50 Mpc, :
we could be lucky! | 20 1 5 -
T T o o o 1 year @ 15 Mpc
10
20 S0 &0 a0 100 120 140 160 180 200

. Barsotti - JRPC - LVC March 2012 Range [Mpc]
21



Moving towards the future

Pathfinder:
e Launch in 2015

® Results in 2016 '

> '

Advanced LIGO: |
® Science runs start in 2015
~® First detection 2016-2018

|_;
L r'

- " .




.~ Moving towards the

2014

future

Slides from

Karsten Danzmann
(eLISA spokesperson)
Dec. 16,2013

L3: Roadmap for LISA

 Launch LISA Pathfinder in 2015

* Coordination of international partners
— Technology development until 2019

* Mission concept selection 2020
— Payload EQM 2020 - 2024
— Start industrial implementation 2025

* Launch 2034

Remember?

Full Cost NASA Funding (excluding ST-7)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Pre-Formulation ($14M)
e

Formulation I.?OQM )

Costs are in real-year §'s
Ipi lementation 363 1M)

»

Fruisa and Operations ($219M) |



.~ Moving towards the -3 Roadmap for LISA
| future  Launch LISA Pathfinder in 2015

* Coordination of international partners

Slides from — Technology development until 2019

Karsten Danzmann T _
(eLISA spokesperson) Mission concept selection 2020

Dec. 16,2013 — Payload EQM 2020 — 2024

- — Start industrial implementation 2025
* Launch 2034

International scenarios for space-based
detectors Options:

* USA
— Scenario 1: Junior partner in eLISA e L3 is one ﬂpﬂﬂﬂ

— Scenario 2: NASA-led mission (SGO) e US-Decadal is another )

— Technology: Telescopes, laser system, interferometry,

optical bench technology, GRS, charge management, e Different collaborations

torsion pendulum test benches - _
* China: two options, both in some degree of e JAXA, National Agencies in
collaboration with ESA -
— Scenario 1: Join eLISA E}I?PE . .
— Scenario 2: Develop a similar Chinese program e Lets decide in 2020 what the best

— Technology: Telescopes, interferometry, GRS and
torsion pendulum

way forward is!

« Japan: Decigo-Pathfinder strong candidate for a e Get the fechnﬁy readyl
small mission by Jaxa :



Different views within the GW-SIG

Pessimist: Optimist:

Half empty Half full
Cornerstone in '97 Science Theme now!
SPC tolerated then!? But now: SPC approved!

We are not a mission yet! ESA never cancelled a mission!
Realist:

Are there any other opportunities

for a launch well before 2034? No, even a NASA-led mission coming
out of the next Decadal would not

Do you believe 2034? launch earlier! No point in trying.

Sitting behind LI, L2 and six M-class
missions at ESA....

What if L3 is 2040 by 2020?

2014 26



Different views within the GW-SIG

Pessimist: Optimist:
Half empty Half full
Corners | esson |earned: ow!

e Don’t get lost in potential future opportunities

SPC tol : - d!
o presented in unrealistic launch schedules e
We are not ° et ready, stop making excuses b
* We know what we need for TRL 6!
e And when the time comes (~ next Decadal),
Are discuss how to get us to launch
fo ming
Out OoT The next Lecadal wouida not
|, B R
Do you beliye 20347 launch earlier! No point in trying.

Sitting behind LI, L2 and six M-class
missions at ESA....

What if L3 is 2040 by 2020?

2014 26



' Latest news: :

The following technological areas are identified as of partienlar interest for the TPCOS Program:

o Technologies for X-ray Astrophysics, including, but not limited to, high-resolution
microcalorimeter arrays, lightweight replicated optics and precision structures, high-
resolution gratings (both transmission and reflection).
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long-distanee; laser metrology techniques: [Deletéd December 19, 2013]

3

i

Y 10T - T AR = - o - - - -
e : r A%S Y LF I =i . Wh ¥ e o L

&Ffws—eilée{eeteﬁs— [Deleted December 19, 2013] |

SAT-Solicitation

L]

perfect start for a successful pari'nership'

-
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Moving towards the future

Pathfinder: Advanced LIGO:

® Launch in 2015 * Science runs start in 2015

* Results in 2016 e First detection 2016-2018

ol B
-

- " .

| _'Noi' a mission yet. We have to be open minded:
e ESA-L3 is one option

® NASA-led is another option
o Different partners (JAXA, Nationals in Europe, ...)

e NSF, DOE?? Is this completely crazy? (Q2C)
, g : | -~

04« AF | | - g R S




P Summary:
* |3 appears to be the most obvious option right now. But sorry if we are
skeptical. We learned ...!
* |f by 2020, L3 still has a launch date in 2034, it is probably the best way to go.
* Maybe NASA can help to maintain schedule and enlarge mission
* 3 arms, lifetime (orbit selection)
* |f by 2020, L3 has already slipped by several years, what then?
* What if it is on the brink of cancellation (or a L3 re-competition) in Europe?

* What if ... ? What if ...?

We have one advantage:
* SGO-mid, SGO-high, eLISA: All require the same technologies
* 2W laser
* | PF-like GRS with adequate DRS (charge management etc.)
* pm-stable telescope with low back scatter
* uN-thrusters
* Optical bench

* Point ahead and breezing angle compensators
2

let’s develop them while we explore different mission options.

2014



Summary:
* |3 appears to be the most obvious option right now. But sorry if we are
skeptical. We learned ...!
* |f by 2020, L3 still has a launch date in 2034, it is probably the best way to go.
* Maybe NASA can help to maintain schedule and enlarge mission
* 3 arms, lifetime (orbit selection)
* |f by 202(
* What if it ) in Europe!?
* What if .. \N | = IS S | |

We have one
* SGO-mi
*2W
* LPF-|
* pm-stable telescope with low back scatter
* uN-thrusters
* Optical bench

* Point ahead and breezing angle compensators
2

let’s develop them while we explore different mission options.






